Human HOX genes consist of 39 genes and encode transcription factors that function as master developmental regulators. We hypothesized that the misexpression of HOX genes was associated with carcinogenesis and malignant progression. The expression levels of 39 HOX genes in 31 human oral squamous cell carcinoma (SCC), 11 dysplasia and 10 normal mucosa tissues were quantified by the real-time RT-PCR method. The expression levels of 18 HOX genes in the SCC tissues were significantly higher than those in the normal mucosa tissues. The dysplasia tissues showed higher expression of HOXA2, A3, B3 and D10 than normal mucosa tissues whereas they showed lower expression of HOXA1, B7, B9 and C8 than SCC. The SCC with lymph node metastasis showed high expression of HOXC6 compared to the SCC without it.
Introduction
Homeobox genes function as master regulators of morphogenesis and cell differentiation during embryogenesis of animals (1) . The genes contain a common sequence element of 180 bp, the homeobox, which encodes a highly conserved 60 amino acid homeodomain (HD). HD proteins function as transcription factors through their homeodomain, which binds to DNA in sequence-specific manner (2) Recently accumulating evidence indicates that the expression patterns of 39 HOX genes are different between cancer tissues and normal tissues in some kinds of human solid cancer including renal, prostate, bladder and so on (13-15). We also found that the expression levels of HOXA11, A13, B9, D12 and D13 in cutaneous melanoma were higher than those in nevus pigmentosus (16) . These findings suggest that disturbance in the normal pattern of HOX gene expression links up with carcinogenesis in a variety of organs. Some studies show the relation between malignant phenotypes of tumor cells and the HOX gene expression. HOXA1 and HOXC8 may play a key role in the acquisition of invasive and metastatic phenotypes of breast and prostate cancer cells, respectively (17, 18) . Our previous studies showed that human lung cancer A549 cells transfected with HOXD3 gene acquired more metastatic, invasive and motile phenotypes (19, 20) . Taken together, inappropriate expression of a particular HOX gene(s) is likely involved in tumor development and malignant progression such as invasion and metastasis, and the HOX gene(s) responsible for oncogenesis and/or tumor progression differs according to the organs or tissues from which the tumor cells have derived.
Oral squamous cell carcinoma (SCC) is an important issue of oral health worldwide (21) . The oral SCC is often preceded by premalignant lesions (dysplasias) which are clinically diagnosed as leukoplakia or erythroplakia. Long-term follow-up studies showed that 11-36% of oral epithelial dysplasias transformed into SCC (22) (23) (24) (25) , and that severe dysplasias were generally associated with a higher risk for malignant transformation than mild and moderate ones (25) . Thus, oral SCC, if not all, is likely to develop in normal-dysplasia-carcinoma sequence. One of the most important pathological changes in the normal-dysplasia-carcinoma sequence of oral mucosa is the advancement of disorder in the structural organization of stratified squamous epithelium. In this context, we think that deregulated expressions of HOX genes are associated with disturbance of structural organization. In this study, we analyzed the HOX gene expression patterns in normal mucosa, premalignancy (dysplasias) and malignancy (SCC) to better understand the roles of HOX genes in the development and subsequent progression of oral squamous cell carcinoma.
Materials and methods
Clinical Specimens. We used 31 oral SCC tissues, 11 dysplasia tissues (clinically diagnosed as leukoplakia) and 10 normal tissues from 46 patients who had undergone surgery at the Hokkaido University Hospital from January 2000 to September 2004.
Three of 31 SCC tissues and 2 of 11 dysplasia tissues were originated from the same patient. Clinicopathologic data of each patient were shown in Table I Real-time PCR amplification was performed in 20 microL of reaction mixture containing 2 microL of cDNA sample, 10 microL of QuantiTect™ SYBR Green PCR Master Mix (Qiagen, Valencia, CA) and with specific primer sets which had been described in our previous report (11). PCR was carried out by starting with a 15-min hot start at 95°C, followed by a denaturation step at 94°C for 15 sec, an annealing step at 60°C for 30 sec and an extension step at 72°C for 1min for 40 cycles. Dissociation curve analysis (95°C for 15 sec, 60°C for 15 sec, and 95°C for 15 sec) was performed at the end of 40 cycles to verify the identity of the PCR product. Data were analyzed by using Sequence Detector Systems version 2.0 software (Applied Biosystems).
Quantification was done by using the standard curve method as described in our previous report (11). Finally we represented relative gene expression levels as the ratio of the target HOX gene to the internal reference gene (beta-actin) expression based on the initial copy number calibrated along the standard curve. In 18 genes (HOXA1, A2, A3, A5, A9,   B3, B6, B7, B9, C4, C6, C8, C9, C11, and D10 were significantly high in the dysplasia tissues compared to normal mucosa tissues (p < 0.01, Mann-Whitney U test) whereas there was no difference in their expression levels between dysplasia and SCC tissues. The dysplasia tissues showed significantly low expressions of HOXA1, B7, B9 and C8 compared to SCC (p < 0.01,
Mann-Whitney U test).
Differences in HOX gene expression between SCC with lymph node metastasis and SCC without it. To find the particular HOX genes involved in progressive phenotypes, we compared the expression levels of each HOX gene between SCC with lymph node metastasis and SCC without it. The SCC with lymph node metastasis tended to show high expressions of HOXC5, C6 and C8 which were adjacent genes on the cluster C compared to the SCC without it; especially the expression level of HOXC6 was significantly higher in the metastatic SCC than the non-metastatic ones (p < 0.01, Mann-Whitney U test) (Figure 3) .
Discussion
This is the first report describing the systemic analysis of 39 HOX gene expressions in oral normal mucosa, dysplasia and squamous cell carcinoma tissues.
All normal mucosa tissues examined here showed relatively high expression levels of the HOX genes located at 3'-side of each cluster, except HOXC cluster. Yahagi et al analysed the expression patterns of 39 HOX genes in gastrointestinal tract tissues including esophagus, stomach, duodenum, jejunum, ielum, ileocecum, cecum, ascending colon, transverse colon, descending colon and rectum but not oral cavity (12). They found the expression level of HOX paralogs apparently reflected the paralog number and relative position along the anteroposterior axis; for example, the first three paralogs in each group were highly expressed in the organs derived from foregut such as esophagus and stomach. In this context, it is reasonable that normal mucosa of oral cavity which is at more anterior position than esophagus or stomach showed high expression of 3'-side of HOX genes. It was also characteristic that the expression levels of HOXD8 and D9 were highest in all of the HOX genes examined. This is consistent with our previous observation that HOXD8 and D9 were highly expressed in salivary gland, thyroid, trachea, lung, thymus which were at relatively anterior position along the body axis (11).
Comparison of the expression levels in normal mucosa, dysplasia and SCC tissues found different expressions of 18 HOX genes among them. Expression levels of all the 18 HOX genes were high in SCC compared to those in normal mucosa. Of the 18 HOX genes, 4 HOX genes (HOXA1, B7, B9 and C8) showed higher expression in SCC than in dysplasia, and 4 other HOX genes (HOXA2, A3, B3 and D10) showed higher expression in dysplasia than in normal mucosa. In the remainder 10 HOX genes, there was no significant difference in the expression levels between dysplasia and normal mucosa or SCC. This evidence suggests that the expression of HOX genes sequentially alters from normal mucosa, dysplasia and SCC. Of the 18 HOX genes, 11 genes were the adjacent genes on the same cluster (A1/A2/A3, B6/B7, C6/C8/C9, and D9/D10/D11). This observation suggests the possibility that these adjacent HOX genes are cis-activated and controlled by common upstream regulatory components.
It is also interesting that almost half of the 18 HOX genes are known to be affected by fibroblast growth factors (FGF). Studies on Hox gene expression in chick embryos show that FGF modified the expressions of Hoxa2, b6-9, c6-9 and d9 (26) (27) (28) (29) . The expression levels of FGF-1 nad FGF-2 are higher in SCC than in normal oral mucosa (30) , and high affinity receptors for FGFs, FGFR2 and FGFR3, are highly expressed in dysplasia and SCC compared to those in normal mucosa (31). We showed here that the expression levels of HOXC6 were significantly higher in Sample code  Histology  T pN Location   #11  C11  SCC  1  0  Tongue  #14  C14  SCC  1  0  Tongue  #20  C20  SCC  1  0  Tongue  #25  C25  SCC  1  0  Tongue  #1  C1  SCC  2  0  Tongue  #3  C3  SCC  2  0  Tongue  #5  C5  SCC  2  0  Tongue  #10  C10 
